Critical voltage under temperature difference
In the non-isothermal case, the occurrence of Cu metal deposition needs to overcome the additional potential that results from the thermo-diffusion of charged species. When the current is applied in the same direction as the thermal gradient, the critical voltage V c under temperature difference ∆T is given by [1] = − 1 Δ - * |∆ | (2),
where S* includes the electronic Seebeck coefficient and ionic Seebeck coefficient. In binary Cu 2-δ S, both the electronic Seebeck coefficient and ionic Seebeck coefficient will increase with decreasing δ. Thus, the V c in the non-isothermal case would be more sensitively dependent on δ than that in the isothermal case.
Calculated zT based on the SPB model
On the basis of the Fermi statistics, Seebeck coefficient S can be expressed as [2] :
where k B is the Boltzmann constant, e is the electron charge, λ is the scattering factor with a value of 0 for acoustic phonon scattering, and 
In the SPB model based on Fermi-Dirac statistics, the drift mobility for acoustic phonon scattering (µ ph ) in the non-degenerate limit can be expressed as
where ħ is the reduced Planck constant, ρ is the sample density, v l is the velocity of longitudinal sound waves, m* is the density-of-states effective mass for a single valley, and Ξ is the deformation potential regarded as a measure of the strength of carrier-phonon interaction.
The κ L is set as 0.39 Wm -1 K -1 and the potential deformation Ξ is set as 1.3 eV. 
Figure S2
Elemental energy dispersive spectroscopy (EDS) mapping for Cu 1.90 Fe 0.0325 S. Two slightly different contrasts can be observed, corresponding to the djurleite phase and tetragonal chalcocite-Q phase, respectively. The difference in contrast is caused by the different Cu/Fe ratios in these two phases, with the details shown in Table SI . [3, 4] . The Cu 2p spectrum for the pristine Cu 2 S taken from Ref. S5 is included in (b) for comparison [5] . [6] . [6] . 
